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 ABSTRACT 
 The objectives were to determine the effect of regroup-
ing during the dry period on feeding, social, rumination, 
and lying behavior for cows that were moved to a new 
pen and cows that remained in their home pen but had 
new cows introduced. Forty-eight prepartum Holstein 
dairy cows were housed in groups of 6 and regrouped in 
groups of 3 (16 triads) with 1 triad moving to another 
pen and 1 triad staying in the same pen; the triad was 
considered the experimental unit. For 7 d before and 8 
d after regrouping, cows were continuously monitored 
for feeding, rumination, and lying behavior by means 
of an electronic feeding system, a rumination logger 
on each cow’s neck, and a data logger attached to 1 of 
the hind legs, respectively. Video recording was used 
to monitor displacements at the feeder for 3 h follow-
ing the afternoon fresh feed delivery before regrouping 
and for the 2 subsequent afternoon feed deliveries after 
regrouping. Cows that were moved to a new pen after 
regrouping decreased DMI by approximately 9% on the 
day of regrouping compared with baseline values, but 
cows that remained in their home pen showed no signif-
icant decrease in intake after regrouping. Feeding rate 
decreased in both treatments by 10% after regrouping. 
Rumination times also decreased by approximately 9% 
in both treatments, reaching the lowest values on the 
day of regrouping for cows that stayed in the home pen 
and on the day after regrouping for the moved cows. 
Cows that were moved to a new pen displaced other 
cows at the feeder twice as frequently after regrouping, 
but no such effect of regrouping on cows that stayed 
in the home pen was observed. These results indicate 
that regrouping can affect behavior of prepartum dairy 
cows, especially those cows that are moved to a new 
pen. 
 Key words:   regrouping ,  dry period ,  behavior ,  rumi-
nation 
 INTRODUCTION 
 In modern dairy production systems, regrouping of 
cows is a common management practice, and many 
cows experience 4 or more regroupings per lactation. As 
regrouping strategies are usually based on stage of lacta-
tion, reproductive status, and dietary requirements, the 
majority of regrouping events take place immediately 
before, during, and immediately after the dry period 
(Cook and Nordlund, 2004). For example, at the end of 
lactation the cow may be regrouped to facilitate dry-
off. After dry-off, cows are often regrouped into a far-off 
group, followed by another regrouping into a close-up 
group at approximately 21 d before calving. Cows are 
again moved and often regrouped in a maternity pen 
in the days immediately before parturition, and moved 
again to a fresh pen immediately after calving when the 
cow enters the lactating herd (Smith et al., 2001). Each 
regrouping exposes the cow to new individuals or new 
combinations of individuals, hence a changing group 
composition, contributing to social turmoil (Cook and 
Nordlund, 2004; von Keyserlingk et al., 2008). 
 When lactating cows are regrouped they re-establish 
social relationships using non-physical and physical 
interactions (Arave and Albright, 1976; Kondo and 
Hurnik, 1990). Earlier work has shown that regrouping 
can have negative consequences on both milk production 
(Arave and Albright, 1976; Hasegawa et al., 1997) and 
behavior, such as an increase in agonistic interactions 
(Brakel and Leis, 1976) or a decrease in feeding time 
(Hasegawa et al., 1997). von Keyserlingk et al. (2008) 
monitored cows in midlactation before and after they 
were placed into a new social group. Their results show 
that after regrouping, the animals decreased time spent 
feeding, time spent lying down, and time spent engaged 
in allogrooming compared with before regrouping. 
 Previous work has shown that the number of aggres-
sive interactions is most frequent immediately after 
regrouping (Brakel and Leis, 1976; Kondo and Hurnik, 
1990; von Keyserlingk et al., 2008), with regrouped cows 
being displaced more often from the feeding area by 
other cows. Much of the social competition in a group 
pen occurs in the feeding area (Val-Laillet et al., 2008) 
and this competition can lead to a dramatic decrease 
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in time spent feeding, particularly for subordinate cows 
(DeVries et al., 2004; Huzzey et al. 2006).
Changes in feeding time and DMI likely affect ru-
mination behavior (Okine and Mathison, 1991), and 
factors that directly affect rumination may affect feed-
ing behavior and DMI. For instance, steers that were 
prevented from ruminating by wearing a tight mask, 
preferred to ruminate instead of eat fresh hay when the 
mask was removed (Welch, 1982). Moreover, it has long 
been accepted that rumination is necessary for particle 
breakdown and microbiological digestion required for 
passage through the digestive tract (Balch, 1952). 
Hence, one would assume that preventing a ruminant 
from ruminating and emptying the rumen would cause 
a decrease in voluntary feed intake.
Social stress in cattle can be linked to a decrease 
in time spent ruminating (Bristow and Holmes, 2007). 
Yet, only one study (Hasegawa et al., 1997) has exam-
ined the effects of regrouping on rumination behavior 
in loose-housed cattle, but this work studied heifers 
and did not start to monitor rumination until 2 d after 
regrouping.
Although some studies show evidence suggesting 
that regrouping events are associated with changes in 
behavior for animals relocated to a new pen (Lamb, 
1976; Arave and Albright, 1976), to date, no study has 
examined the effects of regrouping on cows already in 
the pen. Moreover, little work has been done to inves-
tigate the effect of regrouping on dairy cows during the 
dry period.
The objectives were to determine the effect of re-
grouping cows during the dry period on DMI, feeding 
behavior, rumination behavior, and lying behavior for 
a) cows that were moved to a new group in a different 
pen and b) cows that were in a pen in which new cows 
were introduced. Given the results of previous work we 
hypothesized that regrouping far-off dairy cows would 
result in decreased feeding time, DMI, lying time, and 
time spent ruminating, and increased feeding rate and 
aggressive behavior at the feed bunk. We also hypoth-
esized that these effects of regrouping would be greater 
for cows moved to a new pen than for cows kept in their 
home pen.
MATERIALS AND METHODS
Animals, Housing, and Diet
A total of 48 multiparous nonlactating Holstein dairy 
cows (parity = 2.2 ± 1.4; mean ± SD) were observed. 
The cows were enrolled at 40 ± 8 d before their ex-
pected calving date and had been not lactating 21 ± 10 
d. The study was conducted between November 2008 
and January 2009 at the University of British Colum-
bia’s Dairy Education and Research Centre (Agassiz, 
BC, Canada). Animals were cared for according to the 
guidelines set by the Canadian Council on Animal Care 
(1993).
Two experimental pens, housing 6 cows each, were 
used. The pens were separated by a non-experimental 
pen that housed 12 cows, ensuring no direct social con-
tact between cows housed in the 2 pens. All pens were 
located in 1 row on the same side in 1 barn and had 
the same measurements of 10.2 × 13 m. Each pen was 
equipped with 6 Insentec feed bins, 1 Insentec water 
bin (Insentec, Marknesse, the Netherlands), and 12 
stalls (for stall dimensions see Reich et al., 2010) in 2 
rows of 6, fitted with a mattress (Pasture Mat, Pro-
mat Inc., Woodstock, Ontario, Canada) covered with 
approximately 5 cm of washed river sand. Cows were 
provided access to only 3 of the 6 feed bins, resulting 
in a cow-to-feed bin ratio of 2:1. The Insentec system 
was programmed to allow all cows to access all 3 feed 
bins and the water bin. Cows were allowed access to 1 
of the 2 rows of stalls with the other row being blocked, 
resulting in a cow-to-stall ratio of 1:1.
The cows were fed a TMR formulated according to the 
recommendations provided by the National Research 
Council (NRC, 2001). Cows were fed with ad libitum 
intake and fresh feed was provided twice daily at ap-
proximately 0800 ± 1 h and 1600 ± 1h. Feed samples 
were collected twice weekly, at the time of fresh feed 
delivery, from both pens and then pooled. The samples 
were stored in a freezer and then thawed and dried at 
60°C for 2 d to determine the DM content. For nutrient 
analysis, the dried samples were sent to Cumberland 
Valley Analytical Services, Inc. (Maugansville, MD) to 
determine the average (±SD) CP, ADF, NDF, total 
digestible nutrients, and NEL content of the feed fed 
throughout the study. The TMR consisted of 43.6% 
grass silage, 39.7% corn silage, 12.7% straw, and 4.0% 
mineral and concentrate mix on a DM basis (DM: 95.05 
± 0.25%; CP: 15.1 ± 1.4% of DM; ADF: 32.2 ± 3.3% 
of DM; NDF: 53.05 ± 4.55% of DM; and NEL: 1.43 ± 
0.7 Mcal/kg).
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A total of 48 cows (parity = 2.2 ± 1.4) was used, 
divided into 4 replicates of 12 cows. For each replicate, 
12 nonlactating cows were randomly selected, without 
replacement, using a random number generator (Excel, 
version 2003; Microsoft, Redmond, WA) and divided 
into 2 groups of 6 cows. Each group of 6 was housed in 
1 of 2 experimental pens. Groups were allowed to sta-
bilize for 3 d and then baseline recordings for feeding, 
rumination, and lying behaviors were taken for 7 con-
secutive days before regrouping (d −7 to −1). Regroup-
ing took place on d 0, at which time 3 cows from each 
group (referred to as a triad) were randomly selected 
and moved to the other experimental pen. Hence, each 
group provided 2 triads, of which 1 triad remained in 
the pen and was mixed with a triad from the other 
pen; following regrouping, each experimental pen once 
again contained 6 cows. The regrouping always took 
place between 1200 and 1300 h and was undertaken 
by the same 3 individuals. All cows were moved to a 
sorting pen, divided into triads, and then returned to 
the appropriate pens.  Feeding, rumination, and lying 
behaviors were recorded following regrouping beginning 
at 1300 h on d 0 for 8 consecutive days.
Behavioral Recording
Feeding Behavior. The Insentec system, previously 
validated by Chapinal et al. (2007), was used to record 
individual feed intake and time spent feeding. The 
Insentec system records the cow identification, time, 
duration, and amount of feed consumed during every 
visit to a feed bin. As fed intakes were corrected for DM 
content, the results are reported as DMI per visit. The 
DMI per visit and feeding time were used to calculate 
feeding rate per visit.
Social Behavior. To observe social interactions 
while feeding, each pen was equipped with 1 camera 
connected to a digital video recording system (Genetec 
Inc., Saint-Laurent, Quebec, Canada). The camera 
(WV-BP330, Panasonic, Osaka, Japan) was mounted 
6 m above the feed bins. Social behavior was recorded 
for 3 h after the afternoon feed delivery on d −1, 0, 
and 1 relative to regrouping. An interaction between 2 
cows was considered a displacement from the feed bin 
when physical contact initiated by 1 cow (actor) caused 
the receiving cow (reactor) to stop feeding, back out 
and entirely remove her head from the feed bin so that 
the drop-down gate to the bin closed. A replacement 
was recorded if the actor immediately placed her head 
in the same feed bin. Inter-observer reliability between 
2 trained observers, and intra-observer reliability, to 
ensure that no changes over time occurred in analyzing 
the videos, resulted in robust agreement (R2 > 0.95). 
Inter- and intra-observer reliability were calculated us-
ing the REG procedure for linear regression in SAS.
Rumination Behavior. Ten days before regrouping, 
all cows were fitted with individual rumination loggers 
(HR-Tag, SCR, Netanya, Israel) to record rumination 
time. The rumination logger continuously records the 
duration of rumination in 2-h intervals, as validated by 
Schirmann et al. (2009). For data transfer, automatic 
readers, purchased from the same company as the log-
gers, were located above the water bins.
Lying Behavior. Ten days before regrouping, all 
cows were fitted with activity loggers (HOBO Pendant 
G, Onset, Cape Cod, MA), attached to 1 hind leg and 
programmed to record the position of the cow (lying or 
standing; standing still and walking are both registered 
as standing in an upright position) in 1-min intervals 
(Ledgerwood et al., 2010). These measurements were 
used to calculate the frequency of lying bouts, their 
duration, and the total daily lying time.
Data Analysis
Statistical analyses were performed with SAS (ver-
sion 9.1, SAS Institute, 2003; SAS Institute Inc., Cary, 
NC) considering the triad (i.e., the 3 cows moved or the 
3 cows that remained) as the experimental unit (n = 16 
triads). Two of the animals calved during the course of 
the experiment and were removed, resulting in the ex-
clusion of 2 triads from all analysis. Three other triads 
were excluded from the analysis of displacements and 
replacements due to technical problems with the video 
recording system.
Feeding events were screened for the presence of outli-
ers based on feeding rate, as described by Huzzey et al. 
(2007). Behavioral data were summarized to calculate 
cow averages per triad and day. Feeding, rumination, 
and lying behavior data recorded during d −7 and 
−6 before regrouping were averaged to give 1 baseline 
value for each triad. These days were chosen as 1 ani-
mal calved in 1 of the observation pens overnight on d 
−5, which affected the behavior of the other animals 
in that pen, and a problem with the feeding equipment 
occurred on d −2 in 1 of the replicates. Due to techni-
cal restrictions, d −1 was used as a baseline for social 
behavior. All data were initially analyzed using a mixed 
model (PROC MIXED) that included triad as a random 
effect, replicate as a block, treatment (i.e., the triad 
remained in the same pen or was moved to a new pen) 
as a fixed effect, time period relative to regrouping as 
a repeated measure, and the interaction between treat-
ment and time period. Preliminary analysis revealed 
an interaction between treatment and period, so our 
further analysis tested the effect of period separately 
for the 2 treatments. Contrast statements were used to 
test the baseline period against each of the 3 d follow-
ing regrouping (d 0, 1, and 2) within each treatment 
for all variables. The analysis was limited to these days 
based on preliminary analysis showing that response to 
regrouping was clearest on the days immediately fol-
lowing regrouping. Residuals were plotted and visually 
examined to assess normality and homogeneity of vari-
ances. All values reported are least squares means ± 
standard error. Significance was declared at P ≤ 0.05.




Cows that were moved to a new pen after regrouping 
decreased DMI by approximately 9% on d 0 compared 
with the baseline period before regrouping, whereas 
cows that remained in the home pen did not change 
DMI (Table 1). Both treatments showed significantly 
decreased feeding rates on the day of regrouping rela-
tive to the baseline period, and this decrease persisted 
until d 2 for animals that remained in the home pen. 
Feeding rates for cows that were moved to a new pen 
returned to baseline on d 1 but decreased again on d 2. 
No effect of regrouping on the number of visits to the 
feed bin or the daily feeding time was observed in either 
of the 2 treatments.
Social Behavior
Cows that were moved to a new pen showed a gradual 
increase in number of displacements initiated (as an 
actor) at the feeder in the 3 h following the afternoon 
fresh feed delivery, resulting in twice as many displace-
ments on the day after regrouping than on the day 
before (12.0 ± 1.5 vs. 5.7 ± 1.5 displacements/3 h for 
d 1 and baseline, respectively; Figure 1 A). But, this 
was the only significant change, as these animals did 
not show any changes in the number of displacements 
received or in the number of replacements initiated or 
received (Figure 1B - D). No changes were observed in 
social behavior at the feed bunk for cows that remained 
in their home pen.
Rumination Behavior
Cows that remained in the same pen significantly 
decreased the time spent ruminating on d 0 (498.6 
± 11.0 vs. 530.7 ± 11.0 min/d for d 0 and baseline, 
respectively), but returned to baseline values on the 
day following regrouping (Figure 2). But, cows that 
were moved to a new pen had a significant decrease in 
rumination times on the day after regrouping (481.5 
± 18.9 vs. 510.6 ± 18.9 min/d for d 1 and baseline, 
respectively), returning to baseline values on d 2.
Lying Behavior
Cows that were moved to a new pen showed a mod-
est, yet significant increase in the number of lying bouts 
on d 0 and 1 (baseline: 7.2 ± 0.5 bouts/d; d 0: 8.2 ± 
0.5; d 1: 8.3 ± 0.5; Figure 3 A). No changes in number 
of lying bouts occurred for cows that remained in the 
same pen. No changes were observed in daily lying time 
after regrouping in either treatment (Figure 3 B).
DISCUSSION
The results illustrate the short-term effects of re-
grouping on the behavior of dairy cows during the dry 
period. To our knowledge, this is the first study to 
demonstrate that, when compared with premixing, the 
behavioral response of cows regrouped by moving them 
to a new group is different than the response of cows 
that remain in their home pen.
The average daily DMI supported previous reports 
for nonlactating cows by Andersen et al. (2005) and 
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Table 1. Least squares means (±SE) for DMI, feeding time, feeding rate, and number of visits to the feed bin 
before (baseline) and after regrouping (d 0 to 2) for dry Holstein dairy cows (n = 14 triads) that remained in 
the same pen or that were moved to a new pen1 
Variable
Time period relative to regrouping
Baseline2 d 0 d 1 d 2
DMI (kg/d)        
 Remained 13.8 ± 0.4 13.5 ± 0.4 13.3 ± 0.4 12.9 ± 0.4
 Moved 14.5 ± 0.4 13.2 ± 0.4* 13.8 ± 0.4 14.4 ± 0.4
Feeding time (min/d)        
 Remained 246.0 ± 9.1 259.1 ± 9.1 258.9 ± 9.1 255.1 ± 9.1
 Moved 250.4 ± 11.1 238.5 ± 11.1 249.2 ± 11.1 269.6 ± 11.1
Feeding rate (g/min)        
 Remained 64.5 ± 2.1 57.5 ± 2.1* 57.3 ± 2.1** 57.0 ± 2.1**
 Moved 62.9 ± 2.1 57.6 ± 2.1** 60.0 ± 2.1 57.3 ± 2.1**
Visits (n/d)        
 Remained 48.7 ± 3.0 50.2 ± 3.0 52.5 ± 3.0 47.0 ± 3.0
 Moved 47.4 ± 3.8 49.2 ± 3.8 50.1 ± 3.8 50.9 ± 3.8
1Cows were regrouped before the start of d 0 between 1200 and 1300 h and feed was delivered at 1600 h.
2Average of d −7 and −6 relative to regrouping.
*P < 0.05; **P < 0.01 (significance level for difference between baseline and each of the days after regrouping).
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Figure 1. Number of competitive displacements initiated (A), replacements initiated (B), displacements received (C), and replacements 
received (D) per cow during the 3 h following the fresh feed delivery in the afternoon on d −1, 0, and 1 relative to regrouping for nonlactating 
Holstein dairy cows that remained in the same pen (n = 6 triads; ◊) or that were moved to a new pen (n = 5 triads; ). Cows were regrouped 
before the start of d 0 between 1200 and 1300 h and feed was delivered at 1600 h. Asterisk indicates P < 0.05 for displacements initiated (A) 
when d −1 was tested against d 1, for cows that were moved to a new pen.
Journal of Dairy Science Vol. 94 No. 5, 2011
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Silva-del Río et al. (2010). Cows that were moved to a 
new pen decreased DMI only on the day of regrouping, 
but cows that remained in the home pen did not show 
any changes. We suggest that this short-term decrease 
in DMI for cows that were moved to a new pen is a 
consequence of the combined stressors of a new physical 
and social environment; cows that remained in their 
home pen were only required to cope with the new 
social partners and, thus, were not affected to the same 
extent. Stricklin et al. (1980) reported a home-pen ad-
vantage when they examined the effect of regrouping on 
social hierarchy in beef steers. After regrouping, dairy 
cows must establish their position in the new hierarchy 
of the new group. It can be assumed that regrouping 
likely is a stressful event (Lamb, 1976). Moreover, the 
effects of combining stressors and uncoupling them have 
been shown in other contexts. For example, Haley et al. 
(2005) showed an increased distress response in beef 
calves weaned from their mother, and thus, no longer 
able to nurse, compared with a 2-step method when the 
calves were first prevented from suckling the dam and 
then separated from their dam 3 d later.
Similar to data reported by von Keyserlingk et al. 
(2008), the present results show that daily time spent 
feeding did not change after regrouping. Yet, they found 
a decrease in feeding time during the first hour after 
feed delivery in the morning, directly after milking and 
regrouping. In the current study, feeding times varied 
across days and feed delivery took place approximately 
3 h after regrouping, preventing a similar analysis. 
Feeding rate decreased after regrouping both for cows 
that were moved and cows that remained. Most previ-
ous work has found increased feeding rate in response 
to increased competition (Olofsson, 1999; Hosseinkhani 
et al. 2008; Proudfoot et al. 2009). The decreased feed-
ing rate in the present study may be explained by an 
increase in vigilance behavior after regrouping, because 
competition at the feed bin was kept constant with 
a cow-to-feed bin ratio of 1:2. Studies on birds have 
shown decreased feeding rates in response to increased 
vigilance behavior following changes in group size 
(Beauchamp, 1998). Welp et al. (2004) studied vigilance 
as a measure of fear in dairy cattle and concluded that 
vigilance in dairy cows can be measured as a trade-off 
between feeding and vigilant behaviors; in other words, 
vigilance behaviors can influence the feeding behavior, 
especially considering that these authors reported that 
the level of vigilance displayed by dairy cows increased 
depending on the external threat. The feed bins used in 
the current study restricted the visual field of the feed-
ing animals, such that the cows may have interrupted 
feeding bouts to scan for potential threats, including 
pen mates. It is likely that socially subordinate animals 
were most affected, but the design of this study (with 
treatment applied to triad rather than individual) 
precluded any meaningful analysis of social status. We 
suggest that future research take into consideration the 
effects of social rank, assessing the effect of regrouping 
on dominant, middle-ranked, and subordinate cows.
Contrary to previous work (von Keyserlingk et al., 
2008), only minor changes were observed in social be-
havior at the feed bin after regrouping. These authors 
found that single cows introduced into a pen with a 
stable group of 11 other animals experienced increased 
displacements for up to 3 d following regrouping. Brakel 
and Leis (1976) reported that cows introduced to a new 
pen were involved in almost twice as many agonistic en-
counters compared with cows that were already in the 
pen on the day of regrouping. The increased number 
of social interactions at the feed bin may be explained 
by the increased motivation to feed immediately after 
fresh feed delivery (DeVries et al., 2003), which in the 
previous studies coincided with the time of regrouping. 
In the present study, cows were regrouped in the middle 
of the day and 3 h before feeding. von Keyserlingk et al. 
(2008) introduced a single focal cow to the new group, 
but in the current study, 3 cows that had been previ-
ously housed together were introduced. These results 
indicate that regrouping cows in groups, and avoiding 
peak feeding times, can decrease the frequency of ag-
gressive interactions after regrouping.
To the best of our knowledge, the results of the cur-
rent study are the first to show a decrease in time spent 
Figure 2. Time spent ruminating (min/d) before (baseline) and 
after regrouping (d 0 to 2) for nonlactating Holstein dairy cows that 
remained in the same pen (n = 7 triads; ◊) or that were moved to a 
new pen (n = 7 triads; ). Cows were regrouped before the start of d 
0 between 1200 and 1300 h and feed was delivered at 1600 h. Upper as-
terisk indicates P < 0.05 when baseline (mean of d −7, −6) was tested 
against d 0 for cows that remained in the pen; lower asterisk indicates 
P < 0.05 when baseline (mean of d −7, −6) was tested against d 1 for 
cows that were moved to a new pen.
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ruminating after regrouping in loose-housed dairy cows. 
Cows that remained in the pen and had new animals 
introduced showed a decrease in time spent ruminating 
only on the day of regrouping; cows moved to a new pen 
also showed a decrease in rumination behavior on the 
day after regrouping, likely due to decreased DMI on d 
0. Hasegawa et al. (1997) reported no difference in time 
spent ruminating following regrouping in dairy heifers, 
but observations began 2 d after regrouping; the results 
of the current study suggest that animals will return 
to baseline after 2 d. We, therefore, speculate that in 
the present study, the decreased ruminating times may 
have been due to the distress of regrouping, with the 
greatest effects on those animals that were both moved 
and regrouped.
Unlike previous work (von Keyserlingk et al., 2008), 
no difference in lying time after regrouping was ob-
served. A change in the number of lying bouts occurred, 
which increased for cows moved to a new pen on the 
days immediately following regrouping. This result may 
indicate some degree of restlessness in these animals, 
but future work is required to confirm this.
In conclusion, regrouping can affect behavior of pre-
partum dairy cows. These effects are greatest for cows 
that moved to a new pen at the time of regrouping. 
Behaviors such as daily rumination time may be useful 
variables to assess the short-term response to regroup-
ing. As previously reported by von Keyserlingk et al. 
(2008), monitoring behavior before and after regroup-
ing, and assessing the change were sensitive measures 
to assess the response of cows to regrouping. The in-
terpretation of the results, that is, the direction and 
degree of change deemed detrimental for the animal 
health and welfare, will depend on the behavior itself as 
well as other cow- and group-level variables.
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